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There are two types of guided modes we can speak of in connection 
with adhesive bonds. First, there are the guided modes of the adhesive 
joint as a sandwich-like, multi-layered structure which are basically 
Lamb-type plate modes, a nd second, there are the guided modes of the 
adhesive layer which are interface mod e s between two apparently semi-
infinite adherend half-spaces (see Fig. 1). Guided modes of the first 
type have been used for ultrasonic inspection of adhesive bonds for almost 
fifteen years [1-5], but it became more and more clear that the sensitivity 
of this technique left much to be desired. It was recently established by 
the authors that guided modes of the second type offer superior sensitivity 
to both cohesive and adhesive propert i es of the adhesive bond [6]. This is 
not surprising at all since, although the adhesive layer is only a small 
percentage of the total joint thickness, all defects are expected in this 
crucial region or on its boundaries. Consequently, an acoustic wave which 
is effectively conf i ned to this very region should be more sensitive than 
other modes trapped in the joint as a whole. The main purpose of this 
paper is to develop the analytical tools needed to study the dispersive 
properties of guided interface waves in adhesive layers and to compare the 
corresponding theoretical and expe r imental dispersion curves. 
Fig. 1. Guided acoustic wave s (a) in th e adhesive joint 
and (b) in the adhesi ve layer . 
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THEORY 
The geometrical configuration of the problem is shown in Fig. 2. The 
substrate and the superstrate are supposed to have identical physical 
properties. Either longitudunal ¢i or shear ~i incident wave can be used 
to generate both reflected ¢r, ~r and transmitted cbt• 0t waves in the 
adherend half-spaces as well as partial waves in the adhesive layer with 
either positive ¢+, ~+ or negative q,_, ~- wave vector components in the z 
direction. According to Snell's Law, all waves must have the same wave 
vector component in the x direction. Furthermore, together they must 
satisfy the boundary conditions, i.e. both normal and tangential components 
of the stress and displacement must be continuous at both adhesive-adherend 
interfaces. These eight boundary conditions can be written in the following 
most general form 
cbi 
~) i 0 
cbr 0 
~;r 0 
AsxlO cbt 0 l/Jt 0 (1) 
¢+ 0 
q,_ 0 
lj!+ 0 8 lj!_ 10 
where A is an eight-by-ten matrix. 
We can study a layered structure like this through its free or forced 
vibrations. According to the first approach [7-10], we set both longitu-
dinal and shear incident waves to zero, and as a condition on the existence 
of non-trivial solutions, the determinant of the resulting eight-by-eight 
submatrix must diminish: 
cbi = 0; l/Ji = 0; ( 2) 
The resulting characteristic equation then can be solved for real frequency 
values to get the either real or complex \vave numbers of the corresponding 
true or leaky guided modes of the layer. According to the forced vibration 
approach, we use either longitudinal or shear incident wave and determine 
the frequency dependent reflection and transmission coefficients of the 
layer at different angles of incidence: 
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layer (JJ,X,P) 
H 
substrate ( JJ5 ,X 5 ,P5 ) 
z 
Fig. 2. Geometrical configuration of the problem. 
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, , -and , ¢. 0 and ljli 
" 
0 
ljli ljli ljli ljli ~ 
Then we seek out those characteristic frequencies where either the 
reflection coefficient is minimum or the transmission coefficient is 
maximum and compare these frequencies to the real-valued trace velocity of 
the incident wave along the interface 
cine c = ---:-. --:-'---s~neinc 
(4) 
In this study, we limited our investigation to the case of longitudinal-
to-longitudinal and shear-to-shear transmission coefficients which are 
underlined in the above list. 
RESULTS AND DISCUSSION 
Figure 3 shows the dispersion curves of the eight lowest order true 
guided modes of an FM300K adhesive layer between aluminum half-spaces. 
The relevant physical parameters of these materials are listed in Table I. 
All symmetric and antisymmetric modes start at the shear velocity of the 
substrate and drop to the shear velocity of the adhesive layer as the 
frequency increases. These guided modes become leaky above the shear 
velocity of the substrate, but the structure of the dispersion curves is 
somewhat complicated, as can be seen in Fig. 4 through the example of the 
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Fig. 3. Dispersion curves of the eight lowest order true guided 
modes of an FM300K adhesive layer between aluminum 
half-spaces 
TABLE I. Material parameters used in the calculations. 
Aluminum 
2700 kg/m3 
6320 m/s 
3130 m/s 
FM300K 
1180 kg/m3 
2250 m/s 
980 m/s 
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Fig. 4. Connection of leaky and true parts of the lowest 
order symmetric modes of an FM300K adhesive layer 
between aluminum half-spaces. 
lowest order symmetric modes. The corresponding dispersion curves of the 
clamped, i.e. rigidly held, adhesive layer are also plotted to serve as 
guidelines. The clamped modes are very simple to calculate, and we expect 
the dispersion curves of the elastically held layer to follow these modes 
pretty closely since the aluminum has approximately three times higher 
density and roughly ten times higher rigidity and compressibility than 
those of the adhesive. In other words, an adhesive layer between aluminum 
half-spaces is fairly rigidly held, its boundaries are more-or-less clamped. 
These expectations are confirmed by Fig. 4. At low phase velocities, 
the true part of the guided mode follows the corresponding clamped mode 
fairly closely. The separation increases at higher phase velocities and 
the true mode never gets above the shear velocity of the substrate. At 
high phase velocities, the leaky part is the one which follows the clamped 
mode, but the separation increases as the phase velocity gets lower. At 
one point, this complex mode stops and splits into two nonpropagating real 
modes, therefore the leaky and true parts of a certain mode are not 
connected except for a small nonpropagating segment. 
These short discontinuities are more of theoretical importance only, and 
they do not really show up on the larger scale of Fig. 5 showing both leaky 
and true parts of the guided interface modes. The apparently rather com-
plicated structure is mostly due to the fairly flat connecting segments in 
the vicinity of the shear and longitudinal substrate velocities, where we 
cannot carry out experiments anyway. If we exclude these portions, we can 
find a fairly good qualitative agreement between the guided modes of the 
elastically and rigidly held, i.e. clamped, layer as it is shown in Fig. 6. 
The quantitative differences between these two sets of theoretical results 
clearly indicate that the guided modes of the elastically held layer are 
strongly leaking in the important velocity ranges between 3500 and 5000 m/s 
and above 7000 m/s. 
As for comparison with experimental results, the above described 
forced vibration technique was used. As an example, Fig. 7 shows the 
theoretical predictions and experimental results for the longitudinal-to-
longitudinal transmission coefficient through an FM300K adhesive layer at 
5° angle of incidence in water corresponding to 17000 m/s trace velocity. 
In order to account for the rather strong absorption in the adhesive, 
slightly complex shear (980 + 20i) m/s and longitudinal (2250 + 45i) m/s 
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Fig. 5. Dispersion curves of guided interface modes in an FM300K 
adhesive layer between aluminum half-spaces. 
> 
1-g 5 
..J 
~ 4 
w 
en 
< 
J: 
a. 
o;-----,----.----,-----,----,----,-----,----; 
0 0.5 1.5 2.5 3.5 
FREQUENCY x THICKNESS (MHz mm) 
Fig. 6. Dispersion curves of guided interface modes in an FM300K 
adhesive layer between rigidly held (solid lines) and 
elastically held (dots) boundaries. 
velocities were used in the calculations. Figure 8 shows the calculated 
and measured shear transmission coefficients of the same adhesive layer at 
20° angle of incidence in water corresponding to 4400 m/s trace velocity. 
Although the agreement is less perfect in this case, the main features of 
the transmission spectrum are faithfully reproduced. 
Figure 9 shows the calculated and measured dispersion curves of leaky 
guided interface waves in an FM300K adhesive layer between aluminum plates. 
The actual thickness of the adhesive layer was 0.3 mm, and the spectrum 
analysis was carried out in the 1 MHz to 15 MHz frequency range. Figure 9 
combines longitudinal transmission data obtained at less than 13° angle of 
incidence (i.e. higher than 6600 m/s trace velocity) with shear transmission 
results taken between 14° at 28° angles of incidence (i.e. between 6200 m/s 
and 3200 m/s trace velocities). The general agreement between the calcu-
lated and measured dispersion curves is fairly good. Some discrepancies 
at lower phase velocities are caused by limited amplitude and frequency 
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Fig. 7. Long itudinal-to-longitudinal transmission coefficient 
of a n FM300K adhesive l a y e r betwe en a luminum plates 
a t 5 ° angle of incidence in water. 
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Fig. 8. Shear-to-shear transmission coefficient of an FM300K 
adhesive layer between aluminum plates at 20° angle 
of incidence in water. 
16 
14 
.... 12 
"' ~ 
~ 10 
> ~ 8 
»1 6 
'I X ( \ (\ < :r Q. 4 
2 Experimental data 
-Theoretical curve 
• longitudinal, Oshear 
0 
0 0.5 1.0 1.5 2.0 2.5 3 .0 3.5 4.0 4 .5 5.0 
FREQUENCY x THICKI'ESS (MHz mm) 
Fig. 9. Dispersion curves of leaky guided interface waves in an 
FM300K-aluminum adhesive joint. 
resolution when competition between closely located modes results in loss 
of the weaker one or in the appearance of a rather flat top between the two 
predicted peaks. It is important to recognize that these local discrepan-
cies are due to technical limitations rather than to more substantial 
differences between the theoretical and experimental methods, which would 
be, of course, a more serious problem . 
CONCLUSIONS 
Leaky interface waves can be excited and detected by the same 
technique used for leaky Lamb wave inspection of the adhesive joint if 
appropriate time gating is introduced to eliminate the effect of finite 
adherend plate thickness. Such guided interface waves are much more 
sensitive to adhesive bond defects than Lamb modes of the whole joint. 
Free vibrations of the adhesive layer between semi-infinite half-spaces 
were studied by theoretical means, and the results were found to be more 
useful in the true region. Forced vibrations of the same structure were 
used to study the dispersive properties of guided interface waves in the 
leaky region where good agreement was found between theoretical prediction 
and experimental results. 
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